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(57) ABSTRACT

The present mvention 1s directed to a turbine comprising a
plurality of blades that rotate 1n a single direction when
exposed to fluid flow, wherein the plurality of blades are
joined to the central shaft by a plurality of radial spokes
disposed substantially perpendicular to the central shaft such
that the rotating plurality of blades causes the shatt to rotate.
The plurality of blades has a uniform airfoil-shaped cross
section, where the airfoil cross section presents a non-zero
angle of attack to the current. The plurality of blades wind 1n
a spiral trajectory, rotating around the central shaft and having
a variable radius along the length of the central shaft such that
a distance measured from the plurality of blades to the center
shaft 1s greater near the center of the turbine than at either end.
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HIGH EFFICIENCY TURBINE AND METHOD

OF GENERATING POWER
BACKGROUND
[0001] 1. Field of the Invention
[0002] The present invention relates generally to turbines

and more specifically to a highly efficient unidirectional tur-
bine that harnesses energy from a fluid flow to produce power.
[0003] 2. Discussion of Background information

[0004] For many years turbines have been harnessing
energy from fluid flow to produce power. Windmills, gyrom-
1lls, delta turbines and cyclomills have long harnessed energy
from wind and converted the same to power. Hydropower
turbines harness ocean and tidal currents which are capable of
providing a virtually mnexhaustible supply of emission-free
renewable energy. For example, the Darrieus turbine, a wind
turbine, and the Gorlov Helical Turbine (GHT), a water tur-
bine, each take a unique approach to harnessing energy in
fluid flow to generate power.

[0005] The Darrieus wind turbine, a Vertical Axis Wind
Turbine (VAW'T), comprises vertical airfoils aflixed in a sym-
metric arrangement to a vertical shaft. The vertical shaft
connects to a gear box and generator for converting torque to
power. Although effective for harnessing wind power from air
flowing from any direction, this VAWT presents several dis-
advantages. First, the Darrieus turbine fails to self start and
requires some initial force to begin rotating in a current.
Second, the airfoils produce maximum torque at two points 1n
their rotation cycle, the two points at which the airfoils are
perpendicular to direction of airflow. The Darrieus turbine
airfoils thus present a varving angle of attack 1n relation to
current, and this leads to a sinusoidal fluctuation 1n resultant
torque that creates a potentially destructive resonance at a
natural frequency of the hydrofoil blades. The Darrieus tur-
bine therefore requires some sort of braking mechamism for
slowing rotation of the VAW'T prior to destructive resonance.
Lastly, the shaft of the Darrieus turbine couples with a gen-
erator requiring gearing multiplication and that gearing pre-
sents yet another potential mode of mechanical failure.
[0006] The GHT 1s a water based turbine based in principal
on the Darrieus turbine 1n that airfoil shaped blades run along
a center shait and axis of rotation. The design of GH'T, how-
ever, addresses some of the deficiencies of the Darrieus tur-
bine. First, the hydrofoil blades of the GHT twist about the
ax1s of rotation 1n a helical pattern such that the blades present
a constant, optimal angle of attack within a current. This
climinates the resonance 1ssue associated with the Darrieus
turbine. Second, the GHT requires minimal gearing multipli-
cation between the turbine and power generator. Despite
these improvements, the GHT, however, presents some con-
straints. GH'T efficiency 1s measured up to only about 35%.
Also, because the helical configuration of blades sweeps a
circumierence of right cylinder, large centrifugal stresses
develop. The GHT generally requires containment and con-
straint within a structure having an inflow and outflow chan-
nel preferably including inwardly extending, contoured side-
walls for gmiding flmid flow and reducing turbulence.

[0007] Because ocean and tidal currents exist everywhere
in the world and either flow constantly or at an extremely
predictable rate of change, converting the energy in these
currents to electricity could provide a predictable, reliable
supply of electricity to electric power systems 1n many parts
of the world. Approximately seventy percent (70%) of the
population of the entire world lives within two hundred miles
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ol an ocean, making that an accessible source of renewable
energy. Accordingly, a need exists 1n the art for an easily
produced, scalable, highly efficient turbine that produces
high power output at low speeds and efficiently harnesses
energy from a wide range of sites and water tlow conditions
including, tidal currents, open ocean currents, rivers, cause-
ways, canals, dams and any other natural or manmade water
tflow.

SUMMARY OF THE INVENTION

[0008] The present mnvention solves the problems associ-
ated with existing hydropower turbines and provides a highly
elficient, easily produced, scalable turbine that produces high
power output at low speeds and efficiently harnesses energy
from a wide range of sites and water flow conditions.

[0009] The present invention includes a turbine comprising
a central shaft having a variable length and being adapted for
engaging with a generator. The turbine further comprises a
plurality of blades that rotate 1n a single direction when
exposed to fluid flow, wherein the plurality of blades are
joined to the central shaft by a plurality of radial spokes
disposed substantially perpendicular to the central shait such
that the rotating plurality of blades causes the shatt to rotate.
The plurality of blades have a uniform airfoil-shaped cross
section, where the airfoil cross section presents a non-zero
angle of attack to the current, which angle 1s defined by an
intersection of the chord of the airfoil-shaped cross section
and a tangential line abutting the same cross section and
oriented 1n the direction of flmid flow. The plurality of blades
wind 1n a spiral trajectory, rotating around the central shaft
and having a variable radius along the length of the central
shaft such that a distance measured from the plurality of
blades to the center shait 1s greater near the center of the
length of the turbine than at either end. The rotating plurality
of blades accordingly sweeps a circumierence of a barrel-
shaped cylinder. Additionally, 1n some embodiments, the plu-
rality of blades traverses one or more 360 degree turns about
the central shatt.

[0010] The present invention also comprises a method of
generating power comprising providing a central shafthaving
a variable length and being adapted for engaging with a
generator and providing a plurality of blades that rotate 1n a
single direction when exposed to fluid tlow, wherein the plu-
rality of blades are joined to the central shaft by a plurality of
radial spokes disposed substantially perpendicular to the cen-
tral shait such that the rotating plurality of blades causes the
shaft to rotate. The plurality of blades further comprise an
airfoil-shaped cross section having a non-zero angle of attack,
which angle 1s defined by an intersection of the chord of the
airfoil-shaped cross section and a tangential line abutting the
same cross section and oriented 1n the direction of fluid tlow.
Additionally, the plurality of blades have a spiral wound
trajectory rotating around the central shait and having a vari-
able radius along the length of the central shaft such that a
distance measured from the plurality of blades to the center
shaft 1s greater at the center of the turbine than at either end.
The method further comprises providing a generator for
engaging with the central shaft, attaching the generator and
the plurality of blades to the central shait to create a turbine
generator unit assembly, and deploying the turbine generator
unit within a fluid tlow.
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[0011] The present mvention 1s described below in detail
according to 1ts preferred embodiments with reference to the
tollowing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and other features, aspects, and advantages of
the present mvention will become better understood with
reference to the following description, appended claims, and
accompanying drawings where:

[0013] FIG. 1 depicts a perspective view of one embodi-
ment of the turbine of the present invention.

[0014] FIG. 2 depicts a cross section of one embodiment of
the turbine of the present mvention.

[0015] FIG. 3 depicts the cross section of FIG. 2 disposed in
a fluid flow.
[0016] FIG. 4a depicts a perspective view of one embodi-

ment of the turbine of the present invention.

[0017] FIG. 4b depicts side view of the embodiment of FIG.
da.
[0018] FIG. 4cdepicts acloseup side view of one section of

the embodiment of FIG. 4a.

[0019] FIG.5a depicts a top view of one embodiment of the
turbine of the present invention.

[0020] FIG. 36 depicts a perspective end view of one
embodiment of the turbine of the present invention.

[0021] FIG. 6 shows a perspective view of a plurality of
turbines according to one embodiment of the present mnven-
tion coupled with a generator.

[0022] FIG. 7 depicts an enlarged portion of the perspective
view of FIG. 6.

[0023] FIG. 8 depicts an enlarged portion of the perspective
view of FIG. 7.

[0024] FIG. 9 depicts a perspective partial view one
embodiment of the turbine of the present invention.

[0025] FIG. 10a depicts a side view of another embodiment
of the turbine of the present invention.

[0026] FIG.106 depicts a perspective view of the turbine of
FIG. 10a.
[0027] FIG. 10¢ depicts another perspective view of the

turbine of FIG. 10a.

[0028] FIG. 11 depictsrepresentative torque measurements
for one embodiment of the turbine of the present invention
rotating at various speeds under various fluid tlow velocities.
[0029] FIG. 12 depicts the torque and RPM measurements
of FIG. 11 at various fluid tflow velocities.

[0030] FIG. 13 depicts representative power measurements
for one embodiment of the turbine of the present invention
rotating at various speeds at various tluid flow velocities.
[0031] FIG. 14 depicts generator output measurements for
a generator coupled with one embodiment of the turbine of
the present invention.

[0032] FIG. 15 depicts a table of representative values and
calculations related to one embodiment of the turbine of the
present invention.

[0033] FIG. 16 depicts a table of representative values and
calculations related to one embodiment of the turbine of the
present invention.

[0034] FIG. 17 depicts a diagram of a cross section of one
embodiment of the turbine of the present invention and cor-
responding equations demonstrating derivations of the calcu-

lated values of FIGS. 15 and 16.

[0035] FIG. 18 depicts a plot of calculated torque force
values for one embodiment of the turbine of the present
invention.
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[0036] FIG. 19 depicts a plot of calculated angles of attack
for one embodiment of the turbine of the present invention.

[0037] FIG. 20 calculated coetficients of lift and drag for
one embodiment of the turbine of the present invention.

[0038] FIG. 21 depicts maximum simulated displacement
for one embodiment of the turbine of the present invention.

[0039] FIG. 22 depicts maximum simulated stress values
for one embodiment of the turbine of the present invention.

[0040] FIG. 23 1s a flow diagram of one method of manu-
facturing an embodiment of the turbine of the present inven-
tion.

DETAILED DESCRIPTION

[0041] Thepresentinvention includes a turbine and method
of making the same. The unique design of the present mven-
tion provides for a highly eflicient, easily produced, scalable
turbine that produces high power output at low fluid velocity
and efficiently harnesses energy from a wide range of sites
and water tlow conditions. The method of making the turbine
1s a low cost, easily reproduced and scalable process. Various
teatures and advantages of the present invention are described
below with reference to several preferred embodiments and
variations thereof. Those skilled in the art, however, will
understand that alternative embodiments of the structures and
methods 1llustrated herein may be employed without depart-
ing from the scope and principles of the described invention.

[0042] As shown in FIG. 1, an exemplary embodiment of
the highly eflicient turbine 100 of the present invention com-
prises a plurality of blades 105 tracing a spiral wound path
about a central shatt 110. Here, the turbine 100 comprises two
blades 105 symmetrically disposed about the central shaft
110 and intertwined such that an inner surface of each blade
105 faces a corresponding mnner surface of the other blade at
a same point along the lengths of both blades 105. The plu-
rality of blades 105 join to the central shaft 110 via a plurality
of radial spokes 115 such that the rotating plurality of blades
105 cause the central shait 110 to rotate. The plurality of
lightweight, strong radial spokes 115 may join to the corre-
sponding plurality of blades 105 via any fastening means
capable of rigidly joining components and remaining fas-
tened under continuous load conditions. Such means may
include, but are not limited to, mechanical fasteners such as
rivets, nuts and blots, screws and threaded guide dowels.
Joiming the plurality of blades 105 to the central shait 110
with a plurality of lightweight radial spokes 1135 eliminates a
need for traditional heavy spokes and/or end disks that
decrease efficiency and generate end-turbine losses.

[0043] As shown in the embodiment of the turbine 100 of
FIG. 1, the radial spokes 1135 are substantially perpendicular
to the central shaft 110 and connect the plurality of blades 105
to the central shaft 110 at one or more locations along the
length of the central shatt 110. Here, the radial spokes 115 are
symmetrically spaced along the central shaft 110 such that a
plurality of central primary radial spokes 115a connect the
plurality of blades 105 to the central shaft 110 at a center
point. A plurality of secondary radial spokes 11556 connect the
plurality of blades 105 to the central shaft 110 at points
equidistant from the plurality of primary radial spokes 115a4.
A plurality of tertiary radial spokes 1135¢ join the plurality of
blades 105 to the central shait 110 at points equidistant from
the secondary radial spokes 113556 and located turther from the
primary radial spokes 11354 than from the plurality of second-
ary radial spokes 1155.




US 2009/0129928 Al

[0044] In one embodiment, the radial spokes 115a, 1155,
115¢ are symmetrically spaced along the central shaft 110 1n
pairs such that one or more of the plurality of blades 105
connect to the central shait at the same point. In another
embodiment, these pairs of radial spokes 115 each may be a
single still rod extending from one of the plurality of blades
105 to another of the plurality of blades 105 and crossing the
central shatt 110. One skilled 1n the art will recognize that the
radial spokes 115aq, 1155, 115¢ may be asymmetrically
spaced along the central shaft and staggered such that each of
the plurality of blades 105 connects to the central shait 110 at
one or more unique connection points. Additionally, the tur-
bine 100 of the present invention may employ any number of
radial spokes 115 such that the plurality of blades 105 con-
nects securely to the central shatt 110 1n a desired configura-
tion. As shown by way of example 1n FIG. 1, primary radial
spokes 115a are longer than secondary radial spokes 1155,
which are longer than tertiary radial spokes 115¢. This varia-
tion 1n length creates a barrel shaped turbine. FIG. 1 includes
a two dimensional mirror image projection 120 of the turbine
120, and a series of broken lines 125 highlight the barrel
shaped cylinder that the plurality of blades 1035 will sweep as
they rotate. Varying a length of one or more of the plurality of
radial spokes 115 will result 1n variations 1n the barrel shape
swept by the plurality of blades 105.

[0045] Turming now to FIGS. 2 and 3, the plurality of blades
105 have an airfoil, or hydrofoil, shaped cross-section 200
having a leading edge 210, a trailing edge 220 and a centerline
chord 230. In one embodiment of the present invention, the
hydrofoil cross-section 200 comprises an aecrodynamic aspect
rati0, for example, NACA 0018 or NACA 0020. This con-
figuration maximizes the speed of rotation of the turbine 100
and enables the plurality of blades 105 to have a solid con-
figuration that withstands centrifugal and fluid flow forces.
The hydrofoil cross-section 200 may be symmetrical about
the centerline chord 230, but preferably 1s asymmetrical. An
asymmetrical design helps generate maximum torque and
thereby contributes to achieving maximum efficiency.

[0046] The hydrofoil cross-section 200 also presents a non-
zero angle of attack 240 for generating lift and maximizing
generated torque. The angle of attack 240 1s an angle defined
by an intersection of the centerline chord 230 and a tangential
line 2435 abutting the hydrofoil cross-section 200 and oriented
in the direction of fluid tlow 250. In one embodiment of the
present invention, the angle of attack 240 varies along the
length of each of the plurality of blades 105. In addition to the
hydrofoil-cross section 200 of the plurality of blades 10
helping to maximize generated torque, the plurality of radial
spokes 1135 also may contribute to that end result. In one
embodiment, the plurality of radial spokes 115 also com-
prises a hydroioil shaped cross-section 200 and the leading
edge 210 of each cross-section 200 points 1n the direction of
rotation of the turbine 100. The leading edge 210 of the
plurality of radial spokes 1135 1s oriented 1n the same direction
as the leading edge 210 of the plurality of blades 105 and that
turther contributes to the efliciency of the aerodynamic
design of the turbine 100.

[0047] FIGS. 4athrough 55 provide additional views of the
embodiment of the present invention shown in FIG. 1. One
skilled 1n the art will recognize that all of the included dimen-
sions are scalable and provide merely one example of an
embodiment of the present invention. Here, an embodiment
of the turbine 100 comprises a plurality of blades 103 spiral
wound about a central shaft 110. The plurality of blades 105
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assume a shape equivalent to a curve traced on a barrel by
rotation of a point crossing the barrel’s circular right cross-
sections at a changing oblique angle. The plurality of blades
105 thus presents a spiral wound trajectory having a variable
radius along the length of the central shait 100. Both FIG. 5aq,
an end view of this embodiment of the present invention, and
FIG. 356, a perspective end view of this embodiment of the
present invention, clearly depict this spiral wound trajectory
of the plurality of blades 105 that sweep a circumierence of a
barrel shaped cylinder when rotating.

[0048] In the embodiment of FIGS. 4a through 4c¢, the

turbine 100 assumes a barrel shape held by a plurality of
radial spokes 115, where a plurality of primary spokes 113a
positioned approximately at the center of the turbine 100 are
shown having a fifteen (135) inch length. A plurality of sec-
ondary spokes 1155 positioned on either side of the plurality
of primary spokes 1154 are shown having a length of fourteen
(14)1nches and a plurality of tertiary spokes 115¢ located near
either end of the turbine 100 have a length of twelve (12)
inches. This gradual decrease 1n the length of the plurality of

radial spokes 115, as measured from the plurality of primary
spokes 115a outward to the plurality of tertiary spokes 115c¢,
combined with the shown decrease in distance along the
central shaft 110 between the plurality of spokes ensures that
the plurality of blades 105 affixes to the central shait 110 at a
variable radius and lies along the walls of circular barrel
shape. The unique trajectory of the plurality of blades 105
(spiral wound and barrel bowed) increases blade strength and
reduces stresses and stains under load conditions. This unique
barrel shape also helps ensure that the turbine 100 of the
present 1mvention operates at least at a 43 percent (43%)
elficiency, as compared to right cylinder turbines having eifi-
ciency ol only up to about thirty-five percent (35%).

[0049] In addition to a barrel shape, other characteristics
add to the efliciency of the turbine 100 of the present mnven-
tion. For example, 1n one embodiment, the plurality of blades
105, 1n addition to spiraling around the central shait at a
varying radius, traverses one or more 360 degree turns about
the central shait 100. As shown best 1n the embodiment of
turbine 100 depicted 1n FIGS. 4a, 4b and 5b, each blade 105
traverses a full 360 degree turn about the central shaft 110,
and the two blades 105 shown 1n this embodiment thus pro-
vide two full 360 degree turns. The plurality of blades 1035
always presents at least one point, and more preferably at least
two points, having an optimal non-zero angle of attack 140
relative to the direction of flwid flow 150. This variable angle
of attack 150 compensates for the slower peripheral speed at
a central radius along the length of the turbine 100. This
configuration of one or more blades each rotating about a
central shait 110 1n at least one full 360 degree turn and at a
varying angle of attack 140 thus reduces potential for turbu-
lence and adds to the efliciency of the turbine 100.

[0050] The varying, non-zero angle of attack 150 also
ensures that the pressure differential around the hydrofoil
cross section 200 of the turbine 100 self starts the turbine 100
upon deployment 1n a fluid flow. Additionally, the turbine 100
of the present invention, like other turbines operating under a
l1ft force principle rather than a drag force principle, rotates 1n
one direction only regardless of the direction of fluid flow
150. The aecrodynamic blades of the turbine 100 of the present
invention thus are capable of efficiently harnessing energy
from a fluid flow 150 approaching the turbine 100 from any
direction.
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[0051] FIGS. 6 through 8 depict one embodiment of the
turbine 100 of the present mvention installed 1n a turbine
generator unit (1GU) 600. The central shaft 110 1s manufac-
tured from any sturdy material capable of withstanding
operational forces. For example, the central shaft may be a
two inch (2") diameter, schedule 80 steel pipe that has a
variable length for accommodating one or more turbines 100

and/or accommodating variation in the trajectory of the plu-
rality of blades 105 1n a single turbine 100.

[0052] AsshowninFIGS. 6 through 8, one or more turbines
100 each mount to a single central shaft 110 with a submers-
ible permanent magnet generator 605 disposed therebetween
such that the generator 605 requires no gearing multiplica-
tion. The plurality of turbines 100 rotate within a fluid tlow
150 and the plurality of turbines 100 convert energy therein to
mechanical energy that transfers directly through the rotating,
central shaft 110 to the submersible permanent magnet gen-
crator 605.

[0053] A plurality of bearings 607 housed within end bear-
ing carriers 610 and center bearing carriers 615 supports the
central shaft 110 and a minimal external structure 620 pro-
vides a basic frame for joining end bearing carriers 610 and
center bearing carriers 615. The external structure 620 may
comprise any suitable material capable of withstanding
operational forces, such as six inch (6") schedule 40 steel
pipe. Additional support may exist between the external
structure 620 and bearing carriers 610, 615 such as but not
limited to one or more half inch (14") thick steel plate strut
gussets 625. As shown in FIG. 8, the central bearing carriers
615 1n one embodiment also support a shait extension system
800 that joins the generator 605 to the central shaft and
cnables easy installation and removal of the generator 6035
without requiring disassembly of the entire TGU 600. The
mimmal external structure 620 surrounding the plurality of
turbines 100 and generator 6035 of the TGU 600 presents
mimmal resistance to fluid tlow and thereby also contributes
to the high efficiency and maximum output of the turbine 100
of the present invention.

[0054] The generator 605 converts the mechanical energy
(1.e., RPM and torque) into electricity. In one embodiment, a
power electronics system (not shown) controls, conditions
and synchronizes the generated electricity. The synchronized
clectricity then arrives at on-shore substations via one or more
underwater transmission cables (not shown). As an alterna-
tive to sending the electric energy to shore, 1n yet another
embodiment, the electrical generation systems (not shown)
could power production of hydrogen and/or potable water at
an off-shore site that could ship the hydrogen and/or potable
water to any recerving terminal around the world.

[0055] Thesubmersible TGU 600 1s positionable at optimal
locations within current flow to most fully and efficiently
utilize fluid flow energy and avoid mterfering with commer-
cial shipping and any other water surface activity. The hori-
zontal configuration of the TGU 600 shown in FIGS. 6
through 8 maximizes extraction efficiency because the veloc-
ity of currents generally varies by depth; Very little vaniation
usually occurs 1n the horizontal plane. Additionally, as shown
in FIGS. 10q through 10c¢, the submersible turbine generator
units 400 are adaptable for deployment in a vertical configu-
ration. Such deployment 1s preferable 1n waterways having,
generally vertically umiform flow velocities which also may
be largely unidirectional.

[0056] Submersible turbine-generator units 600 according
to embodiments of the present invention mount individually
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on a mounting platform, such as the barge shown 1n FI1G. 10c¢,
or several of them may mount (“stack’) on a fully submers-
ible platform structure (not shown). The platforms may
anchor to the bottom of a waterway using a mooring system
comprising mooring lines and anchors. Alternatively, TGUs
600 deployed 1n shallow waters may mount directly to pilings
or other appropriate existing foundation structures, such as,
for example, existing o1l drilling platforms or piers.

[0057] Turning now to actual measured parameters associ-
ated with the present invention, FIGS. 11 through 13 present
torque and power measurements for one embodiment of the
turbine 100 of the present invention that 1s of a one-third (V/3)
scale as depicted in FIGS. 4a through 4¢. Scale refers here to
physical linear dimensions of the turbine 100 of the present
invention. A full scale turbine 100 would be three times larger
than the experimental one-third (¥3) scale version and would
have a centerline chord 230 three times longer than that of the
1/3 scale version. Additionally, power output 1s proportional
to the square of the scale size of the turbine 100.

[0058] Returning now to FIGS. 11 and 12 showing calcu-
lated torque at various fluid velocities and plotted against
turbine revolutions per minute (RPM), an optimal torque
value occurs at an identifiable turbine RPM at each fluid
velocity. Under all fluid velocities, torque for the 14 scale
turbine 100 peaks between approximately 250 N-m and 1850
N-m within a range of fluid speeds extending from approxi-
mately 1.4 m/s and to approximately 4.0 m/s. Under these
same conditions turbine RPM at optimal torque conditions

extends from approximately 50 rpm to approximately 190
RPM.

[0059] FIG. 13 depicts predicted power in kilowatts (kW) at
various fluid velocities and plotted against turbine revolutions
per minute (RPM). An optimal power output occurs at an
identifiable turbine RPM at each flmid velocity. Under all fluid
velocities, power for the 14 scale turbine 100 peaks between
approximately 2.5 kW and 40 kW within a range of tluid
speeds extending from approximately 1.4 m/s and to approxi-
mately 4.0 m/s. Under these same conditions turbine RPM at
optimal power output levels extends from approximately 80
rpm to approximately 240 RPM.

[0060] Considernng the torque calculations of FIGS. 11 and
12 1n connection with the calculated power output ol FI1G. 13,
an optimum power output and torque are 1dentifiable for each
particular tluid velocity for this %3 scale turbine 100 embodi-
ment of the present mvention. For a fluid flow of approxi-
mately 3 m/s, maximum calculated torque 1s approximately
1200 N-m at 140 turbine RPM and power under these condi-
tions falls between 15 kw and 20 kw and more particular falls
around 16.6 kW. Two ¥4 scale turbines 100 of the present
invention rotating on a single shait therefore output greater
than 30 kW, which 1s twice the measured power output of a
single, similarly sized GHT. FIG. 14 provides predicted data
related to a output parameters of one design of a permanent
magnet generator employed 1n conjunction with the 14 scale
turbine 100 embodiment of the present invention.

[0061] FIGS. 15 through 22 present other aspects of a per-
formance analysis of the turbine 100 of the present invention.
FIGS. 15 and 16 present a comparison of the turbine 100 of
the present mvention to a Gorlov Helical Turbine (GHT)
capable of producing an identical power output of approxi-
mately 69.94 kW. In the embodiment of FIGS. 15 and 16, the
turbine 100 of the present invention has an efficiency of
43.73% while the GHT 1s only 30% efficient. The diagram

and equations of FIG. 17 demonstrate derivations of the cal-
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culated values of FIG. 15 and FIGS. 18 through 20. FIG. 18
presents calculated torque force values for the exemplary
embodiment of the plurality of blades 105 having the dimen-
s1oms listed in the table of FIG. 15. FIG. 19 presents calculated
angles of attack 140 for the exemplary embodiment of the
plurality of blades 105 having the dimensions listed in the
table of FIG. 15, and FIG. 20 presents calculated coetlicients
of lift and drag for the exemplary embodiment of the plurality
ol blades having the dimensions listed 1n the table of FIG. 15.
One skilled in the art will understand that efficiency and
power output of the turbine 100 strongly depends on diameter
and fluid velocity. Turbines with larger diameters can achieve
high efliciency levels at higher water speeds.

[0062] In addition to providing highly efficient power gen-
eration, the barrel shaped design of the turbine 100 of the
present mvention also withstands high stresses, as the load
analysis models of FIGS. 21 and 22 demonstrate. For an
embodiment of the turbine 100 having the dimensions listed
in the table of FIG. 15, maximum calculated displacement at
250 rpm 1s less than 2 millimeters. As FIG. 21 demonstrates,
a maximum displacement of about 1.86 mm occurred in the
middle of the “free” sections of the plurality of blades 105
(1.e. between the spokes). With regard to centrifugal loading
stresses at a velocity of 250 rpm, as depicted 1in FIG. 22, an
operational simulation of the turbine 100 showed some
clevated stresses on the redial spokes 115 adjacent to the
central shaft 110. The stresses reached a maximum value of
approximately 80 MPa. Because the yield strength and ulti-
mate strength of structural steel are on the order of 250 MPa
and 400 Mpa respectively, steel radial spokes 1135 will with-
stand centrifugal loading without any potential for failure.

[0063] Turnming now to FIG. 23, the present invention also
comprises methods of manufacturing the turbine 100. The
plurality of turbine blades 105 and radial spokes 115 are
manufactured from any durable lightweight material such as
a lightweight metal, composite fiber or plastic, and the turbine
blades 105 and radial spokes 115 may be either hollow or
solid. In one embodiment of the present invention, the plural-
ity of blades 105 and radial spokes 115 are non-hollow mem-
bers manufactured from a high strength plastic material cho-
sen from a group consisting of but not limited to
polyhydroxybutyrate plastic, polystyrene, polymethyl meth-
acrylate, nylon, acrylic, low density polyethylene, high den-
sity polyethylene, polypropylene, polyvinyl chlonde, sili-
cone, and polyurethane. The plurality of blades 105 and radial
spokes 115 may be formed through any number of known
manufacturing methods, such as machining, extrusion or
injection molding.

[0064] FIG. 23 details a preferred method of manufacture
1500 for the plurality of blades 103 according to one embodi-
ment of the present mvention. A first step S1505 comprises
selecting a pipe having a specific inner diameter, length and
sidewall thickness. The inner diameter dimension dictates the
maximum radius of the plurality of blades 105 as they spiral
around the central shait 110. The length of the pipe similarly
approximates the length of the plurality of blades 105,
although assembly according to one method mvolves stretch-
ing and/or contracting portions of the coil or coils that form
the plurality of blades 105. The sidewall thickness dictates a
maximum thickness 235 of the hydrofoil cross-section 200 of
the plurality of blades 105.

[0065] Next, a second step S1510 involves cutting the pipe
along a spiral trajectory to produce a coil, or rough blank, for
a blade 105. Cutting the pipe along this spiral trajectory may
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be automated using known means, such as CAD-driven CNC
drilling or milling, or manual cutting may suifice. To produce
a coll having a specific spiral trajectory, a template, such as
wooden guide rails, may be aflixed to the surface of the pipe
such that a cutting implement, for example, a portable manual
or power saw, cuts a precise path around the circumierence of
the pipe.

[0066] A third step S1515 requires securing the formed coil
to a shaping fixture such that an industrial shaper may shape
the coil at a fourth step S1520 to create a smooth, uniform
hydrofoil cross-section along the length of the coil as the coil
advances past the cutting surfaces of the shaper. The 1mndus-
trial shaper has a profiled cutting surface that defines a desired
profile of the hydroitoil cross-section 200. In one embodiment
of the method of the present invention, a unique shaper may
shape each side of the coil to produce an asymmetrical hydro-
fo1l cross section. Passing a coil through a single industrial
shaper first with one side exposed to the cutting surface and
then with a second, parallel side exposed to cutting surface
will produce a hydrofoil having a uniform cross-section 200
as measured about a centerline chord 230.

[0067] Achieving the barrel shape described above with
regard to the turbine 100 of the present mvention requires
adjusting the coil, extending or contracting certain sections,
to fit properly along the length of a central shait 110 and join
to a plurality of radial spokes 1135 having vanable lengths. In
an alternate embodiment, the shaping process may achieve
the desired trajectory of the plurality of blades. In such an
embodiment, the coil produced at the second step S1510
moves along a parabolic path relative to the shaper so that a
hydrofoil cross section 200 at the center of the coil length 1s
formed from a portion of the pipe closer an outside pipe wall
than a hydrofoil cross section 200 taken at either end of the
coil. In this alternative embodiment of the method of manu-
facturing a turbine blade 105 according to the present inven-
tion, the wall thickness of the pipe selected 1n the first step
S1505 1s great enough to accommodate the barrel shaped
curvature of a blade 105.

[0068] It 1s noted that the foregoing examples have been
provided merely for the purpose of explanation and are 1n no
way to be construed as limiting of the present invention.
While the present invention has been described with refer-
ence to an exemplary embodiment, 1t 1s understood that the
words, which have been used herein, are words of description
and 1llustration, rather than words of limitation. Changes may
be made, within the purview of the appended claims, as
presently stated and as amended, without departing from the
scope and spirit of the present invention in 1ts aspects.
Although the present invention has been described herein
with reference to particular means, materials and embodi-
ments, the present invention 1s not mtended to be limited to
the particulars disclosed herein; rather, the present invention
extends to all functionally equivalent structures, methods and
uses, such as are within the scope of the appended claims.

We claim:

1) A turbine comprising;:

a) a central shait having a variable length and being adapted
for engaging with a generator; and

b) a plurality of blades that rotate 1n a single direction when
exposed to fluid tlow, wherein the plurality of blades are
joined to the central shatt by a plurality of radial spokes
disposed substantially perpendicular to the central shatt
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such that the rotating plurality of blades causes the shaft

to rotate, and wherein the plurality of blades further

comprise:

1.) an airfoil-shaped cross section having a non-zero
angle of attack, which angle 1s defined by an 1ntersec-
tion of the chord of the airfoil-shaped cross section
and a tangential line abutting the same cross section
and oriented 1n the direction of fluid flow;

11.) a spiral wound trajectory rotating around the central

shaft and having a variable radius along the length of
the central shaft such that a distance measured from
the plurality of blades to the center shait 1s greater at
the center of the turbine than at either end.

2) The turbine of claim 1, wherein the variable length
central shait accommodates one or more turbines and/or
accommodates variation 1n the trajectory of the plurality of
blades 1n a single turbine.

3) The turbine of claim 1, wherein the plurality of blades 1s
at least two blades spiraling around the central shatt.

4) The turbine of claim 1, wherein the angle of attack varies
along the length of the turbine.

5) The turbine of claim 1, wherein a projection of the
trajectory of the plurality of blades 1s barrel shaped such that
a radial distance between the plurality of blades and the
central shaft 1s smaller at the ends of the turbine than at any
point between the ends.

6) The turbine of claim 1, wherein the plurality of blades
traverses one or more 360 degree turns about the central shaft.

7) The turbine of claim 1, wherein the non-zero angle of
attack maximizes torque generated by the turbine and maxi-
mizes turbine eificiency in a range of 30 to 50 percent and
more preferably at about 43%.

8) The turbine of claim 7, wherein torque generated peaks
between approximately 50 and 200 turbine revolutions per
minute 1n response to fluid tlow velocities ranging between
approximately 1.4 to 4.0 meters per second.

9) The turbine of claim 7, wherein torque generated at a
flow of approximately 3 meters per second produces optimal
torque peaking 1n a range of about 800 to 1200 N-m at revo-
lutions per minute 1 a range of about 30 to 190 turbine
revolutions per minute, and more preferably produces torque
of about 1000 N-m at about 140 turbine revolutions per
minute.

10) The turbine of claim 9, wherein power generated by the
turbine at about 1000 N-m of torque and 140 turbine revolu-
tions per minute 1s 1n a range of 14 kKW to 18 kW, and more

preferably 1s 16.6 kKW.

11) The turbine of claim 1, wherein the spiral wound,
variable radius trajectory of the plurality of blades reduces
stress and strain under load conditions.

12) The turbine of claim 11, wherein fixing one end of the
turbine while exposed to a centrifugal load at 250 RPM
results 1n maximum displacement of the plurality of blades in
a range of about 1 millimeters to 5 millimeters and more
preferably at about 1.9 millimeters.

13) The turbine of claim 1 wherein the turbine operates
while submerged 1n a fluid gas and/or fluid liquad.

14) The turbine of claim 1, wherein the plurality of blades
1s manufactured from a durable lightweight material.

15) The turbine of claim 14, wherein the durable, light-
welght material 1s a high strength plastic material chosen
from a group consisting of polyhydroxybutyrate plastic, poly-
styrene, polymethyl methacrylate, nylon, acrylic, low density
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polyethylene, high density polyethylene, polypropylene,
polyvinyl chlornide, silicone, and polyurethane.

16) The turbine of claim 14, wherein the plurality of blades

1s machined.

17) The turbine of claim 14, wherein the plurality of blades

1s extruded.

18) The turbine of claim 14, wherein the plurality of blades

1s 1njection molded.

19) A method for generating power comprising:

a) providing a central shait having a variable length and
being adapted for engaging with a generator;

b) providing a plurality of blades that rotate 1n a single
direction when exposed to fluid flow, wherein the plu-
rality of blades are joined to the central shait by a plu-
rality of radial spokes disposed substantially perpen-
dicular to the central shaft such that the rotating plurality
of blades causes the shait to rotate, and wherein the
plurality of blades turther comprise:

1. an airfoil-shaped cross section having a non-zero angle
of attack, which angle 1s defined by an intersection of

the chord of the airfoil-shaped cross section and a
tangential line abutting the same cross section and
oriented 1n the direction of fluid flow;
11. a spiral wound trajectory rotating around the central
shaft and having a variable radius along the length of
the central shait such that a distance measured from
the plurality of blades to the center shait 1s greater at
the center of the turbine than at either end.

¢) providing a generator for engaging with the central shaft;

d) attaching the generator and the plurality of blades to the
central shaft to create a turbine generator unit assembly;
and

¢) deploying the turbine generator unit within a fluid flow.

20) The method of claim 19 further comprising harnessing
power Irom the generator via transmission lines extending
between the turbine generator unit and a base power station.

21) The method of claim 19 wherein the variable length
central shaft accommodates one or more turbines and/or
accommodates variation in the trajectory of the plurality of
blades 1n a single turbine.

22) The method of claim 19 wherein the plurality of blades
1s at least two blades spiraling around the central shaft.

23) The method of claim 19 wherein the angle of attack
varies along the length of the turbine.

24) The method of claim 19 wherein a projection of the
trajectory of the plurality of blades is barrel shaped such that
a radial distance between the plurality of blades and the
central shait 1s smaller at the ends of the turbine than at any

point between the ends.

25) The method of claim 19 wherein the plurality of blades
traverses one or more 360 degree turns about the central shaft.

26) The method of claim 19 wherein the non-zero angle of
attack maximizes torque generated by the turbine and maxi-
mizes turbine efficiency preferably between 30 and 30 per-

cent and more preferably at 43%.

27) The method of claim 26, wherein torque generated
peaks between approximately 50 and 200 turbine revolutions
per minute in response to fluid flow velocities ranging
between approximately 1.4 to 4.0 meters per second.

28) The method of claim 26, wherein torque generated at a
flow of approximately 3 meters per second produces optimal
torque peaking 1n a range of about 800 to 1200 N-m at revo-
lutions per minute 1 a range of about 50 to 190 turbine
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revolutions per minute, and more preferably produces torque
of about 1000 N-m at about 140 turbine revolutions per
minute.

29) The method of claim 28, wherein power generated by
the turbine at about 1000 N-m of torque and 140 turbine
revolutions per minute 1s 1n a range of 14 kW to 18 kW, and
more preferably 1s 16.6 kW.

30) The method of claim 19, wherein the spiral wound,
variable radius trajectory of the plurality of blades reduces
stress and strain under load conditions.

31) The method of claim 30, wherein fixing one end of the
turbine while exposed to a centrifugal load at 250 RPM
results in maximum displacement of the plurality of blades in
a range of about 1 millimeters to 5 millimeters and more
preferably at about 1.9 millimeters.

32) The method of claim 19 wherein the turbine operates
while submerged 1n a fluid gas and/or fluid liquad.
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33) The method of claim 19, wherein the plurality of blades
1s manufactured from a durable lightweight material.

34) The method of claim 33, wherein the durable, light-
weight material 1s a high strength plastic material chosen

from a group consisting of polyhydroxybutyrate plastic, poly-
styrene, polymethyl methacrylate, nylon, acrylic, low density
polyethylene, high density polyethylene, polypropylene,
polyvinyl chloride, silicone, and polyurethane.

35) The method of claim 33, wherein the plurality of blades
1s machined.

36) The method of claim 33, wherein the plurality of blades
1s extruded.

3'7) The method of claim 33, wherein the plurality of blades
1s 1njection molded.
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